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AERONAUTIC SYMBOLS r^^^j. 
1, FUNDAMENTAL AND DERIVED UNITS ' : 



! 
I 



Length, 

Time.. 

Force 



Power, 
Speed, 



Symbol 



I 
t 

F 



F 

V 



Metric 



Unit 



meter _ «W r V-= - - - 

second „ « ^ r = 

weight of 1 kilogram.--- 



_ . . 

horsepower (metric) - , 

'kilometers per hour,__,_- 
meters per second 



Abbrevia- 
tion 



m 
s 

kg 



k.p.h, 
m.p.s. 



English 



Unit 



foot (or mile) ----- ~<- - 

second (or hour) — 

weight of 1 pound, — -- 



horsepower, 
miles per hour „ - -- - 
feet per second 



Abbrevia- 
tion 



ft. (or mi.) 
sec. (or hr.) 
lb. 



1 

.5 

i 



hp. 

irup.h- 
T.p.s. 



■ 

I 



w, 

9, 

m, 
I, 



S, 

G, 
ft, 
c, 
6 s 



~ 2. GENERAL SYMBOLS , / . " ' . , ■ j 

Kinematic viscosity . » 

p , Density (mass per unit volume) ~ ^ s 

Standard density of dry air, 0.12497 kg-m; 4 -s 2 at = 
15° C. and 760 mm; or 0.002378 lb,-ft,- 4 .sec. 2 . 



Weigh %=^mg 
Standard acceleration of gravity =9. 80665 
m/s 2 o r 32.17 40 ft/sec. 2 
W 



Specific weight of "standard" air, L2255 kg/m 3 or m 

Moment of inertia^mP. (Indicate , ^?L„JJW Ib./cu. ft. , , ; ,y ; ; _ " t ~ -j S 

radius of gyration by proper subscript.) "" /. / - . . - - .' "• ' ' ... // :/ 1 : ' ' - " 

Coefficient of viscosity "~- ; ' . , . ro - • : - ■ r 
: _ 3, aerodynamic symbols 

Angle of setting of wings (relative to thrust 
line) 



I 



Area 

Area of wing 
Gap : 
Span 
Chord 

Aspect ratio ' 
True air speed 



i „ Angle of stabilizer agtting (relative jo j^rust J 

line) • . . . /,./'•,'•'".' ; : " • ; s 

Resultant moment 
0, Resultant a ngular v elocity,, _^ r\, _ S 



2v 



DyMmic pressure =2 pF 2 

Lift, absolute coefficient C L =^jg 



D 



C 7 



Drag, absolute coefficient Cz^j^j 
Profile drag, absolute coefficient Cd 0 ^|| 
Induced drag, absolute-coefficient C Di =^ 
Parasite drag, absolute coefficient c d p =^§ ; . ct a , 

Q 

Cxoss-wmd force, absolut^ coefficient Cc=^§ ^J^L 



p— ? Reynolds Number, where I is a linear dimension .g 
M (e.g., for a model airfoil 3 in. chord, 100 ■ 
m.p.h. normal pressure at 15° C, the cor- m 
responding number is 234,000; or for a model 5 
of 10 cm chord, 40 m.p.s., the corresponding g 
number is 274,000y > x ' \ t f'- S 

Center-of -pressure coefficient (ratio of distance £ 
of c.p. from leading edge to chord length) ~ - ■ 
Angle of attack T/ . • .. 

Angle of down wash . : W 
Angle of attack, infinite aspect ratio. % ■ 
Angle of attack, induced v; ; 5 

Angle of attack, absolute (^ zero- g 

lift position) ; "rrz'^y.^.-- ■ --r.^.;__-- ■ ••"^ ^i:^= 
Flight-path angle • - v V/ . _ v | 



«0j 



J?,, Resultant force^Ir iz v _ 



•- : " -1- 
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SUMMARY 

The experimental and calculated aerodynamic charac- 
teristics of 22 tapered wings are compared , using tests 
made in the variable -density wind tunnel. The wings 
had aspect ratios from 6 to 12 and taper ratios from 
1 .0:1 to 5:1. TJie compared characteristics are the pitch- 
ing moment, the aerodynamic-center posit ion , the lift- 
curve sloj)e, the maximum lift coefficient, and the curves 
of drag. Tlie method of obtaining the calculated values is 
based on the use of wing theory and experimentally deter- 
mined airfoil section data. In general, the experimental 
and calculated characteristics are in sufficiently good 
agreement that the method may be applied to many 
problems of airplane design . 

INTRODUCTION 

Considerable work has been done on the calculation 
of the aerodynamic characteristics of tapered wings. 
A method of calculating the important characteristics 
of tapered wings was given in reference 1 together witli 
comparisons of experimental and calculated charac- 
teristics. It is the purpose of this report to extend 
reference 1 to include the calculation of the drag of all 
the wings contained in that report and to include the 
characteristics of additional wings tested in the variable- 
density tunnel. The additional wings comprise the 
3 described in reference 2 and 10 other wings, 
including 7 with sections of the N. A. C. A. 230 series. 
Experimental lift, drag, and pitching-moment data are 
given and, for comparison, calculated values of pitching 
moment, aerodynamic-center position, lift-curve slope, 
maximum lift coefficient, and curves of drag. 

SYMBOLS 

The symbols used are as follows : 

5, wing area. 

6, span. 

A, aspect ratio, b 2 jS. 

c, chord at any section along the span. 

c h tip chord (for rounded tips, c t is the fic- 
titious chord obtained by extending the 
leading and trailing edges to the extreme 
tip). 

c sy chord at root of wing or plane of symmetry. 



A, angle of sweepback, measured between the 
lateral axis and a line through the aero- 
dynamic centers of the wing sections. 
(The symbol /3 was used in reference 1 
but A has since been adopted as standard.) 
e, aerodynamic twist, in degrees, from root to 
tip, measured between the zero-lift direc- 
tions of the center and the tip sections, 
positive for wash in. 
%ax.> longitudinal coordinate of wing aerody- 
namic center measured from the quarter- 
chord point of the root section. 
a } wing lift-curve slope, per degree. 
a 0 , section lift-curve slope, per degree. 
a i Qt , angle of zero lift of the root section. 
<x >(L=0 . )t wing angle of attack for zero lift, measured 
from root chord. 
c h section lift coefficient; c^c^+c^ 
c lb , part of lift coefficient due to aerodynamic 

twist (computed for O L —0). 
Ci a , part of lift coefficient due to angle of attack 

at any C L ) c la =C L c tal 
Ci aV part of lift coefficient due to angle of attack 

S 

for Ci = 1.0; Ci al =-^L tt 

L a , additional load distribution parameter. 
c ma c> section pitching-moment coefficient about 
section aerodynamic center. 
C msJ wing pitching-moment coefficient due to the 
pitching moments of the wing sections. 
C ma c j wing pitching-moment coefficient about its 
aerodynamic center. 
C L) wing lift coefficient. 
C Dv wing induced -drag coefficient. 
Cn e — C d —C l 2 /tA } effective profile-drag coeffi- 
cient. 

E, II y J,f, factors given in reference 1. 
E } Reynolds Number. 

B ei effective Reynolds Number; the Reynolds 
"Number of variable-density-tunnel tests 
multiplied by the turbulence factor 2.04. 

std y a subscript designating standard airfoil test 
results from the variable-density wind 
tunnel at an effective Reynolds Number 
of about 8,000,000. 
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APPARATUS AND TESTS 

Standard aluminum-alloy models having an area of 
150 square inches were used in the tests. In the 
construction of the wings, straight-line elements were 
used between corresponding points of the root section 
and the construction tip sections, except for the 
N. A. C. A. 23013-43010 and the elliptical N. A. C. A, 
4412 wings. These wings were made by cutting several 
sections along the span and then fairing between the 
sections. The general characteristics of the models are 
given in table I and the principal dimensions of the 
plan forms, in terms of the mean chord S/b t are given 




.4 £ 8 1.0 12 
Lift coefficientd. 

Figure i.— Tapered "N\ A. C. A. 24-15-0 airfoil. 

on the plots. The ordinates of the airfoil sections not 
already published in references I, 2, and 3 are given 
in tables II and III. 

The designating numbers of the first nine wings listed 
in table I are formed from numbers representing the 
airfoil section mean line, the sweepback, and the 
washout, respectively. (See reference 1.) The wings 
with sections of the 230 series and high aspect ratio all 
have a tip thickness of 9 percent of the chord and differ 
only in taper ratio, aspect ratio, and root thickness. 
Numbers representing these three quantities are there- 
fore used to designate the wings; i. e., N. A. C. A. 
3-10-18 represents a wing of 3 : 1 taper, aspect ratio 10, 
and root thickness of 18 percent, 

The tests were made in the variable-density wind 
tunnel, which is described in reference 4. The lift, the 



drag, and the pitching moment of the wings were 
measured for positive angles of attack at a tunnel 
pressure of 20 atmospheres, which corresponds to a 
test Reynolds Number of 3,100,000 based on a 5-inch 
chord (effective Reynolds Number 8,200,000). The 
lift-curve peak was also determined for most of the 
wings at a lower Reynolds Number, 

EXPERIMENTAL RESULTS 

The results of the tests are given in figures 1 to 20 
in the form of the usual dirnensionless coefficients. The 
corrections that were applied to the tunnel data, 
including the method of correcting for tunnel-wall 
effect, are described in reference 4. 

In figures 1 1 to 20 for the plots against angle of 
attack, the lift-curve peaks are given for two values of 
effective Reynolds Number in order to show the scale 
effect on C LfnaT , The Reynolds Number is based on 
the mean chord S/b. Tn the plots against lift coefficient 
(figs. 1 to 20) the drag has been plotted with the 
minimum induced drag deducted (reference 1); thus, 



The drag values differ from those on 



C 2 

the plots against angle of attack in that the C De values 
have been corrected to effective Reynolds Number. 
This correction allows for the reduction in skin friction 
when converting from the test to the effective Reynolds 
Number and amounts to a C D increment of 0.0011 
(reference 5). 

The pitching-moment coefficients are given about an 
axis for which they are practically constant for lift 
coefficients up to C Lmax (aerodynamic center). The 
aerodynamic centers were found by the method given 
in the appendix. The coefficients are based on the 

M Mb 

'qS(Sjb) qS*' 



mean chord S/b in the form C m 



The 



choice of a chord length for use in calculating C m is 
arbitrary in any case. It is considered best, however, 
to use a chord length that may be conveniently found 
from given quantities, such as the area and the span. 
Coefficients so determined do not tend to be equal for 
wings of the same section and different taper ratios, as 
they would if based on the so-called "mean aerodynamic 
chord, " but indicate directly the relative magnitude of 
the pitching moments of wings having equal areas and 
spans. 

As a reference chord for the center of pressure it 
might appear logical to use the chord upon which the 
pitching-moment coefficients are based (mean chord); 
however, for the general case of a wing with taper and 
twist, if the mean chord were used, it would not be 
easy to decide how its location along the span and its 
angular attitude should be specified. The position of 
the root chord is known; and, as the center-of-pressure 
chord is simply a reference line, it w r as decided to base 
the center of pressure on the root chord. 
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Airfoil: N.A.C.A. 24-30 0 

H e :8 J 60.000 

Dote: 9^5-34 Tes t: V.DT /175 
> 2 ~A 6 .8 to 12 1.4 
Lift coefficient C t 



Figure 2.— Tapered N. A. C. A. 24-30-0 airfoil. 




t 3 



0 



Airfoil 24-30-8.50 
R e .8J 80,000 

Dote: S- -26-34 Test: V D T. 1176 
2 



.4 .6 .8 1.0 1.2 
Lift coefficient t C L 



1.4 



Figure 3.— Tapered N. A. C. A. 24-30-8-50 airfoil. 



.026 



-G e from test L ; / 
• C Dc calculated J 

1 / 





Airfoil: N.AC A. 2^-15-8.50 
h e : 8,24 0,000 

Date: I0 : 3~34 x fesf^V. D. T. 1180 
| -2 O .2 .4 .6 .8 1.0 1.2 1.4 /.6 
^ Lift coefficient C L 

Figure 4.— Tapered N. A. C. A. 2Rj 15-8.50 airfoil. 




.6 .8 1.0 1.2 
Lift coefficient C L 

Figure 5. Tapered N. A. C. A. 2Rj-15-0 airfoil. 
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8 -.2 



Airfoil: N.A.C.A. 00-/5 3.45 
R m : 8,130,000 
Date: 9^28-34 Test: YO.T U7& 



.2 .4 £ .8 1.0 1.2 L4 
Lift coefficient Q, 



-.2 O 

Figure 6. - Tapered N. A. C. A. 00-15-3. 4 5 airfoil. 



.026 
1-024 
C.022 
^.020 



8 

^.0/2 
^,010 

k 

'^.008 
^.006 
\).O04 
^.002 

u 0 




Air foil: N. A C.A. 00 -15 '3. 45(4-1) 
R e 8.260,000 

'Dote: 10- 1 -34 Test: V D.T 1179 
.2 



> -.4 -2 O .2 A .6 .8 I.Q 1.2 1.4 
1 Lift coefficient Cl 

Figure 7.— Tarred N. A. C. A- 00 ir> 3.45 (4:1) airfoil. 




Airfoih Tapered MAC. A. £218-03 
Size : 150 sg. in. area, 30 in. span 
Pres.(sthd. a/m.):2l.0 R :3, 160,000 
Tested. IMA I . Vet. f ft/sec.}: 69.4 
Corrected for tunnel- watt e ffecf 

4 8 7i~ l6 20 24 28 32 
Angle of of lock, a (degrees) 



.2 .4 .6 .8 1.0 1.2 14 
Lift coefficient, C L 



1.6 1.8 



Figube 8 —Tapered N. A. C. A. 221S-09 airfoil. 
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0 4 8 /2 16 20 24 
Angle of attack, cc (degrees) 



Airfoil: Tapered N.A C. A, -MS 
Date: 1-7-33 Test: 
R e : 8,370,000 

J .4 .6 .8 f.O 1.2 
Lift coefficient, C L 



Figure 9 —Tapered N. A. C. A.-MG airfoil. 




0 4 8 12 IS 20 24 
Angle of otfock, ct (degrees) 



A .6 .8 10 
Lift coefficient, C L 



14 IS 1.8 



Figure 10.-- Tapered Clark Y airfoil. 
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%20^40 
$/6$ 60 



0 4 8 /2 16 20 24 28 32 
Angle of attack, cc (degrees) 



Airfoil: Tapered MAC. A. 23015-09 
Date: 2-5-36 Test '■: V.D.T 1330 _ 
R^: $.550.00 0 _ i J ^ j 

.2 .4 .6 ~S lb' 12 1.4 ~/.6 1.8 
Lift coe fficient, C L 



Ficuhe II. -Tapered N, A- C. A. 23015-09 airfoil. 




~Q 



Airfoil: Tapered N.A.C.A. 230/8-09 
Size: 150 sq.in, area, 30 in. spon 
Pres.(5thd. aim): 20.8 R: 3,230,000 
Tested LMA.L. Vet. (ft/sec.) . 68.3 
i j ^Corrected for tunnel-waff effect ' 



2.2 



2.0 



0 4 8 12 16 20 24 28 
Angle of attack, a (degrees) 



32 




.2 .4 .6 £ /.0 f.2 
Lift coefficient, C L 



FiciuKE 12— Tapered N. A. C. A. 23018-09 airfoil. 



THE EXPERIMENTAL AND CALCULATED CHARACTERISTICS OF 22 TAPERED WINGS 




-4 0 4 8 /2/6 20 24 28 32 
Ang/e of attack, ct (degrees) 

Figure 13.— Tapered N. A. C. A. 3-10-18 airfoil. 



.2 .4 .6 .8 10 /.2 /.4 1.6 1.8 
L iff coefficient, C L 




0 4 8 /2 /6 20 24 
Ang/e of attach, ot {degrees} 

Figure 11 



4 .6 .8 i.O 
Lift coefficient C L 



L4 /£ 1.8 



-Tapered N. A. C. A- 5-10-10 airfoil. 
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eo 



40 



60 





Air foil: Topered N.ACA.5-I0-IB 
oizeJSOsq.in area, 38. 73 in. span 
Pres. (sfnd. aim.): 20. 6 R 2,510,000 
Tested: L M A L. Velfff./sec): 68.4 
C o rre cted for funnel- wolf e ffcc t 




4 8 & 16 20 24 
Angle of of lack, or (degrees) 



28 32 



.3 
:4 



u 

'4 -2 



Airfoil: Tapered N.AC.A. 5-10-18 
Dote: 2-13 -36 Test: V. D. T 1336 

H e -6,630.000 t r t 

> 2 .4 .6 .8 " 1.0 12 1.4 1.6 i8 
L iff coefficient C L 



Figure IS.— Tapered N. A. C. A. 5-10 18 airfoil. 




Airfoil: Tapered NA.CA.5~ IB -16 
Dote: 2-10-36 Test: V.D.T. 1333 

R e . $,140,000. 



4 8 12 16 BO 24 
Angle of attack, ce (degrees) 



.4 .6 .8 1.0 12 
Lift coefficient, C L 



1.8 



Figure 16.— Tapered N. A. C. A. 5-12-10 airfoil. 
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~0 
o 



o 

D 

28 f o 

24 | 20 
60 



o 

12% 50 
o 

-< ft. 

-<9 




/1/r/b//.- Tapered N.AC.A. 5-/2-20 
Size.iSOsg.in area, 42.426 in. span 
Pres. (sfnd. aim): 20.3 R : 2,340,000 
Tested: LMA.L. Ve/.fft/sec): 68.2 
Corrected for tunnel-wall effect 





,0?6 












1 

^.020 
* 


2.2 


• ^ J 0/8 


2.0 


.£.0/6 


1.8 


.0 

■ 36 ^.0/4 


1.6 




1.4 


.28^^.0/0 


I.2C 

/.o| 


.<b l 

« 0 
.20 g ^.006 







o 

.2 



.2 
A 



^ si: 
12 t^.002 

08 O 

04 

0 % ~-2 
o 




-8 -4 



0 4 8 12 16 20 24 28 32 
Angle of of took, cc (degrees) 



t4 -2 



Airfoil- Topered NA C.A. 5-12-20 
Dote: 2-11-36 Test: V.D.T 1334 

R e 000 . t 

' .2 .4 .6 .8 1.6 12 7.4 16' 1.8 
Lift coefficient, C L 



Figure 17.— Tailored N. A. C. A. 5-12-20 airfoil. 




-8 -4 



0 4 8 12 16 20 24 28 32 
Angle of afiock, cc (degrees) 



-4 -2 O 
Figure 18. —Tapered N. A. C. A. 0018-09 airfoil. 



Airfoil- Topered NA.CA. 00/8-03 
Dote: 5-23-33 Test: V.D.T. 1048 

R .: 8,1 60,000 , 

4 .6 .8 1.0 1.2 14 16 18 



.2 



Lift coefficient, C L 
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-8 -4 

Angle of attack, of (degrees) referred to roof chord 



Airfoil: Tapered MA.C. A. 230/3- 430/0 
Date: 9-28-36 Test: V.D.T 1337 

Re. 8, 180,000 

~6 



2 .4 .6 .8 1.0 1.2 1.4 1.6 1.8 
Lift coefficient, C L 



Figure 19.-Tapere<l N. A. C. A. 23013 43010 airfoil. 




-HI 



IT 

J. i 

-4 



- 2.2 



.026 



CD 



024 



^.022 
u .020 
,44 ^.0/8 



2.0 .40 



%.oie 



- 18 .36 ^.0/4 



1.6 
- 1.4 



o 
o 



.012 



Air foih El lip t/col NA.C.A. 4412 

[Size. 150 so. in. area, 30 in. span 

Pres. fsfhd. afm.):20. 8 R.3, 130,000 
Tested: LM.A.L Velfft./sec): 69. 1 
Corrected for funne/-wo// effect 

28 "~ 



.32 

.28^.010 
.<» ^ 

1.2 .24^.008 
Co 

/.Of .20% ^.006 

£ ° * 
.8 to .16 ^%.004 

■6^./2 i:.oo2 



.4 .08 



.04 



-.2 



-.4 



0 4 8 12 16 20 24 
Angle of attack, t* (degrees) 



32 



O 



o 
o 

**». -.3 
c 




Airfoil: Elliptical N.A.CA. 4412 
Dote: 9 -22' 36 Tes t: V.D. T 1394 

R e . 8,260,000 l l L L ^ 
>' ~2 " 74 .6 .8 1.0 1.2 t.4 /£ ~ A3 
Lift coef ficie n f t C L 



Figure 20.- -Elliptical N. A. C. A. 4412 airfoil. 
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Inasmuch as the plots of lift, drag, and center of 
pressure against angle of attack for the first nine wings 
listed in table I and the plots of calculated C De against 
C L of the first two wings listed are given in reference 1, 
these data have been omitted from this report. 

CALCULATED RESULTS 

The general method of obtaining the calculated 
results is fully outlined in reference I . The formulas are 
summarized here for convenience: 



(1) 



G ms =-Ec ma e (c„ la c constant across the span) (2) 

^'»s = £2j c m ax c 2 dy (c ma c variable across span or 

nonlinear chord distribution) (3) 



X ^ji=HA tan A 



a=J- 



57.3a 0 



(4) 



(5) 



(6) 



The calculation of C ma c ^ for the first nine wings of 
table I has already been described (reference 1). For 
the remaining wings, C m ^ = 0 and, for those of straight 

taper, C ms was then calculated from the average of the 
root and tip section values of c ma c and the factor E, 
For the wings with standard Army plan form for which 
E was not given in reference 1 and for the tapered 
N. A, C. A. 23013-43010 wing, where c m<t e varied 
appreciably across the span, C„ iJS was calculated from 
equation (3). The results are given in table I. 

The aerod3'namic-center positions of the wings as 
calculated in reference I were based on a wing axis 
through the quarter-chord points of the airfoil sections, 
which is the section aerodynamic center according to 
thin-airfoil theory. A refinement consists in using as 
the wing axis a line through the experimental aero- 
dynamic-center positions of the root and tip sections. 
The angle of sweepback is thereby slightly changed but 
the same value of 77 in equation (4) may still be used. 
Calculations using both angles of sweepback have been 
made (table I). Both aerodynamic-center positions 
have been referred to the quarter-chord point of the 
root chord for comparison. 

In the computation of values of the lift-curve slope 
a, from equation (6), values of a 0 corrected to section 
data were used. For the 230 series of wings, the aver- 
age value of a 0 was 0.098 per degree. 



The effective profile-drag coefficient was calculated 
from the sum of the profile and induced-drag coefficients 
with the minimum induced-drag coefficient deducted: 



where 



Or 2 

c De -~c DQ +c 0i — ^ 



2 f 6/2 

Cdo==s s)o Cft ° cdv 



(7) 



In order to show how <7 />Q was calculated and to aid in 
making similar calculations, the method has been illus- 
trated for tho N. A. C. A. 5 10 18 wing. The calcula- 
tions are listed in table IV and w^ero obtained as follows: 
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O 02 .04 .06 .08 JO J2 J4 .16 .18 .20 
Thickness ratio, t /c 

FroxmE 21.— Variation of section data with thickness. The N. A. C. A. 230 scries 
airfoils; effective TleynoMs Number, 8,200,000. 

Column 1. Convenient intervals of tho semispan. 
Column 2. Maximum thickness of the airfoil sec- 
tions at these intervals. 
Column 3. Chord length. 

Column 4. Effective Reynolds Number of each sec- 



case 



tion along the semispan ^7? e ==^6,630,000^- In the 

of an airplane wing the Reynolds Numbers should cor- 
respond to the particular value of Cl* 

Column 5. Airfoil section maximum lift coefficient 
for an effective Reynolds Number of 8,200,000 as given 
in N. A. C. A. reports of airfoil section data. (For the 
method of deriving section data see reference 5, p. 17.) 
The value of { c i max ) 9t4 ^ or tnc various sections along the 

span may be conveniently determined from a plot such 
as figure 21 . 

Column C. Correction increment to correct the sec- 
tion maximum lift coefficient to the actual Reynolds 
Number of each section along the semispan (fig. 22). 
Figure 22 is figure 44 of reference 5 reproduced here for 
convenience. 

Column 7. The maximum lift coefficient of each sec- 
tion along the semispan, c lfna = (ci maz ) std ~\ -Ac w 

Column 8. Values of minimum profile-drag coeffi- 
cient for an effective Reynolds Number of 8,200,000, 
corrected to section data. (See reference 5.) The 
value of ^rfo OT1H ) 1X1 a 7 De conveniently obtained by 

making a plot against thickness ratio, such as figure 21 . 
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"4 5 6 1,000,000 



5 6 10,000,000 6 I t OOO,000 
Reynolds Number 



4 5 6 10,000,000 



Figure 22— Scale-effect corrections for ci . In order to obtain the section maximum lift coefficient at the desired Reynolds Number, apply to the standard-test 
value the increment indicated by the curve that corresponds to the scale-effect designation (types B, C, p, or E) of the airfoil. (See reference 5, p. 32, and 
table II.) 



Column 9. Values of the minimum profile-drag 
coefficient corrected to the Reynolds Number of each 
section along the semispan by use of figure 23. The 
basis of the correction formula is explained in reference 
5. The line is plotted to provide a convenient graphi- 



.020 
.0/6 

.012 
.010 

j.OOS 

3 

.006 
.005 

.004 
.003 



L 



5 6 8 10 IP 16 20 
R e .millions 



30 



Figure 23.— Graph for estimating variation of with Ti 4 . 



cal solution of the formula. The standard effective 
Reynolds Number of variable-density- tunnel tests is 
(7?,) ff<r To find c-a 0 for any other Reynolds Number, 

locate the point for (c<t„ ) from tests in the varia- 
ble-density tunnel and travel parallel to the line to 



the Reynolds Number in question to read the corre- 
sponding O 0 , • Although extrapolation by this method , 

to Reynolds Numbers below 0,000,000 is not strictly 
accurate, the extrapolation has been made to 2,600,000 




0 .1 .2 3 .4 .5 .6 .7 .8 

Figttce 21— Generalized variation of Ac^. 

for the tip sections of some of the 230 wings, as the 
tips contribute only a small part of the drag. The 
agreement of the calculated and experimental results 
indicates that no appreciable error was introduced. 
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Column 10. Ci opi is given in the tables of basic air- 
foil section data of N. A. C. A. reports and may be 
determined from a plot against thickness ratio, as in 
figure 21. 

Column 11. c lmax -c lopr 

Column 12. L a is the additional load distribution 
parameter obtained from the tables in reference 1 for 
the appropriate aspect ratio and taper ratio. 

Column 13. Section additional lift coefficient for a 
S 

wing C L of 1; c hx =^L a . 

From the foregoing basic data, the profile drag of 
each section along the span may now be calculated for 
a given wing lift coefficient. For an airplane, this lift 
coefficient would be the one corresponding to the speed 
and Reynolds Number originally assumed. The cal- 

.08 r — "i 1 1 1 — i 1 1 — i — r 



x 

3 



dilations are given in columns 14 to 19 for a C L of 0.8 
as follows: 

Column 14. c t =C L Xc lal =0.8ci al . (See reference 1 

for niothod for a twisted wing.) 

Column 15. Ci~c lopr 

Column 16. \ci-Ci opt \/c lmax -c lopr 

Column 17. The increment &c<t 0 by which c dQ is in- 
creased as the lift coefficient departs from the optimum. 
The generalized increase for any airfoil section is 
obtained from figure 24. This curve was obtained 
from tests of airfoils of moderate camber and thickness 
at an effective Reynolds Number of 8,000,000 and may 
be applied with reasonable accuracy down to an effec- 
tive Reynolds Number of 2,000,000. (See reference 5 
for discussion.) 

Column 18. c dQ corresponding to each value of 

along the span is c d0min +Ac dQ . 

Column 19. Values of c d(s Xc are plotted in figure 25. 



The value of C Dq for the wing is obtained from the 
area under the curve, as indicated. 

The value of C Di for formula (7) was calculated from 
reference 1, except for the wings with standard Army 
plan form. For these wings the C Di and also the c< 
distribution were calculated by the Lotz method. 
(See reference 6.) 

The data given in table IV were also used for the 
calculation of C Lmax by the method given in reference 1. 
The calculation is repeated here to complete the example 
and to give a quick method of estimating the wing 
maximum lift coefficient. 

The maximum lift coefficients of the sections and the 
ci distribution for Ci = 1.0 are plotted as in figure 2G. 
Stalling is considered to begin at the C L at which c x 
reaches Ci max at any point along the span. The tangent 



curve of c t and the corresponding C L arc most con- 
veniently found from the minimum value of c hnax /c l(ll 
along the span, as shown. Thus, the minimum value 
JHHt is l.' r >0, which is considered to be C Lmax for the 
wing. The measured value is 1.49. Part of the c, 
curve for 0^=1.50 has been drawn in to show more 
clearly the location of the predicted stalling point. 
For a wing with twist, the ratio method may be used 
by finding the minimum value of (c.i mnx —Ci b )/c lal . 

The calculated and experimental values of C Lmax are 
not always in good agreement. In the case of the ellip- 
tical N. A. C. A. 4412 wing the values of c w of the 
sections decrease at the tips due to the decrease in 
Reynolds Number and, as c t is constant across the span, 
stalling would be predicted practically at the tips at a 
low value of C Lmax . The flow near the tips is modified 
by the tip vortex, however, so that it is no longer 
two-dimensional and the method does not apply. If 
it were assumed that stalling begins at an arbitrary 
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distance in from the tip equal to the chord, the pre- 
dicted C Lmaz would be 1.74. The C Lmax actually 
measured was LSI, which is surprisingly high, especially 
as the root section c lmax is only 1.77. 

For a conventional airplane in flight it is not likely 
that the computed C hjnax would be exceeded if stalling 
began near the tips because of a loss of lateral control. 
The tapered N. A. C. A. 23033-43010 wing (fig. 19) is 
an example of a wing designed to avoid tip stalling. 
In order to cause stalling at the center, a combination 
of moderate taper, washout, and progression to sections 



MO, and the Clark Y wings and best for the wings of 
high aspect ratio and taper ratio and for the elliptical 
wing. The experimental and calculated values of C Lmax 
are also in good agreement except for the wings with 
large sweepback or large twist. 

Reference to the experimental and calculated C» e 
curves of figures 2 to 4 shows that the agreement of the 
Cr e curves is not so good for the wings with large sweep- 
back and large twist as for the wings with moderate or 
no sweepback and twist. Tins result woidd be ex- 
pected, however, as the similarity of the flow conditions 




.8 



.9 



1.0 



Fraction of semi span. 

b/Z 



Figure 26- Calculation of the Cl at which the N. A. C. A. 5-I0-IS wing begins to stall. 



having increasing Ci max (increased camber) toward the 
tips was used. 

DISCUSSION 

COMPARISON OF EXPERIMENTAL AND CALCULATED VALUES 

The experimental and calculated values compared in 
table I are, in general, in satisfactory agreement. The 
values of C ma c are usually in agreement within the ex- 
perimental error of the tests. Of the two computed 
values of aerodynamic-center position, better agree- 
ment is obtained by considering the lift to act at the 
experimental aerodynamic-center position of the sec- 
tions, except for the wings with sweepback and twist. 
It may be concluded that for most airplane wings, 
which usually have little or no sweepback, it is best 
to calculate the wing aerodynamic-center position 
on the basis of the experimental section aerodynamic 
centers. 

The angle of zero lift and the lift-curve slope need little 
comment, except to note that for the lift-curve slope 
the agreement of calculated and experimental values 
is poorest for the N. A. C. A. 2218-09, the N. A. C. A - 



assumed in the calculation to the actual flow becomes 
less as the sweepback and twist arc increased. 

When the C De curves are compared, the large scale to 
which they are plotted should be considered, as this 
factor accentuates the di (Terences. Most of the defer- 
ences do not exceed the experimental error of drag 
measurements, winch may be as much as 0^=0.0006 
for C L ~0 and may increase to 0.001 o for C L — 1.0. 

Of the wings with standard Army plan form (figs. 8 
to 12) only the N. A. C. A. M(3 and the Clark Y fail to 
show excellent agreement of the C Dg curves. For these 
curves the greatest difference is equal to the maximum 
experimental error. This difference is probably due 
to the lack of data for sections of various thicknesses 
for these wings. The agreement of the C Dg curves for 
wings with the standard Army plan form where ade- 
quate section data are available (N. A. C. A. 2218-09, 
23015-09, and 23018-09 wings) is of interest because 
a belief has been expressed that the abrupt change in 
plan form at the ends of the straight center section 
might cause an increase in drag. 
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For the five wings of high aspect ratio and taper 
ratio (figs. 13 to 17) the C I>e curves agree, in general, 
within the experimental error of tho tosts. The C De 
curves for the N. A. C. A. 0018-0009, the tapered 
N. A. C. A. 23013-43010, and the elliptical N. A. C. A. 
4412 wings (figs. 18 to 20) also show reasonably good 
agreement, except for a difference in the C Lopt values 
for the elliptical N. A. C. A. 4412 wing. It is inter- 
esting to note that for the elliptical N. A. C. A. 4412 
wing there is no residual induced drag and therefore 
C De is C i)[} for the wing. 

From the C De curves, the minimum values of C De and 
the corresponding values of C L) i. e., C LopV arc listed 
in table I. These values are useful for comparing the 
drag and lift coefficients in the high-speed region. 

EFFICIENCY FACTOR 

The C De curves were analyzed with a view to finding 
an efficiency factor corresponding to the airplane 
efficiency factor used in reference 7. Incorporation of 
this factor in the induced-drag term permits the deter- 
mination of a nearly constant drag residual over the 

C 2 

working range of lift coefficients amounting to C D — -^-> 
which in terms of C T>e is ~ : — 1 \ 

Values of e were determined from the plots of C De 

against C L by using curves of 1 ) against C L 

for various values of e. The value of e was then found 

from the superimposed curve of ^'J — M that best 

fitted the C J)e curve. The curves were made to fit as 
well as possible for a C L range of 0.2 to 1 .0. The values 
of e are given in table I. As an example of how the 



efficiency-factor curves fit the test or calculated curves, 
an efficiency -factor curve has been plotted in figure 10 
for comparison with the test curve. This curve is 
typical for the wings and shows how the efficiency- 
factor curve departs from the C De curves below C L =0.2 
to 0.4 and above (7^1.0. Reference to table I shows 
that the N. A. C. A. 24-30-8.50 and 2R 1 -15 8.50 wings, 
which have the largest C LoptJ have values of e equal to 
and larger than e, respectively, for the elliptical N. A. 
C. A. 4412 wing. This result is obtained because 
shifting the C Pe curve to the right makes it fit a flatter 
e curve, and hence one with a higher value of e. If 
C Lopl had been zero for all the wings and they had dif- 
fered only in plan form, the values of e would indicate 
the departure of the drag of the wings from that of the 
ideal elliptical wing. The wings, in fact, are sufficiently 
similar and the variations of the C D{) values with lift are 
near enough, alike so that there is a general reduction of 
e as the wings depart from the elliptical plan form 
toward the wings of high taper. 

CONCLUSION 

From the foregoing comparison of calculated and test 
results it may be concluded that the usual characteristics 
of conventional tapered wings, as determined by wind- 
tunnel tests, may be calculated with accuracy sufficient 
for use in many airplane design problems. The method 
of calculation should be of value for reducing wind-tun- 
nel testing and for selecting the best wing for a given 
airplane design. 



Langley Memorial Aeronautical, Laboratory, 
National Advisory Committee for Aeronautics, 
Langley Field, Va., November 17, 1937. 



APPENDIX 



CALCULATION OF THE AERODYNAMIC-CENTER 
POSITION FROM EXPERIMENTAL DATA 

The aerodynamic-center position of the wings and the 
value of C ma c were determined from the test data by 
the following method. The forces acting at the axis 
about which the pitching moment is measured may be 
considered to be the normal and the chord forces and 
the pitching moment. The forces arc represented as 
coefficients in figure 27. 

For most airfoils there is some axis about which the 
pitching-moment coefficient may be considered constant 
for lift coefficients practically to C Lmax (aerodynamic 




Figure 27 — Aerodynamic center and pitching moment. 



center). The aerodynamic center is located by x and y, 
which are distances in terms of the mean chord S/b, 

i. c., Then, if C m is the pitching-moment co- 

efficient about the support point, the pitching-moment 
coefficient about the aerodynamic center may be 
written: 

C ma . e =C m -xC N -yCc (1) 

so that 

C m =C^ c +xC„+yC c (2) 

also 

C N -^C L cos a + C D sin a (3) 
C C =C„ cos a—C L sin a (4) 
In order to find the three unknowns, C ma c , x } and y } 
the basic equation (2) may be used to write three 
equations corresponding to three conditions of the 
pitching-moment curve of the airfoil. 

For the first condition, values of C mj C N} and C c are 
taken for a point P on the pitching-moment curve 
before it curves greatly (fig. 27): 

C mp -C mac +xa Vp +yC Cr (5) 
The second condition is taken at C L =0: 

C ma c +xC» H sin ct HL ^ -\-yC DLQ cos a S(L=0) (6) 



The third condition is taken as the slope of the pitching- 
moment curve at C L ^0: 

dC m r/dC D \ . [ A , r da'\ 1 

~y[( l +^ofe) Sin «^o>- (^) o cosa, ( ,__o>] (7) 
where 

a', is angle of attack in radians. 

dC 

n, slope of pitching-moment curve, -^f- 

P } a subscript indicating values for a point near 

0 and Lq, subscripts indicating values for C L = 0. 
The other symbols have their usual significance. 

For normal airfoils, negligible error is introduced by 
making the approximations 

{dcJr aa *=^' 0 > Ua cos as ^ =0 

in equations (5), (G), and (7), and the approximations 

when they arc solved simultaneously. The solution 
gives x and y in the form, 

CW)«* <jL=0) ' '+n 0 (C DLQ — C Cp ) 

When x and y have been found by substituting the 
appropriate test data, the C,„ Q c curve may be computed 
from 

Cm ax -C m ~xC N -yC c 

The value of C m<i e is practically equal to C mQ so that the 
C ma c curve is as shown in figure 27. 
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TABLE IT 



ORDI NATES OF N. A. C. A. 23015 09 TAPERED AIRFOIL IN PERCENT OF CHORD 



Spanwise position 


0 


3.000 Sib 


2.660 Sjb 


2.787 S/b 


2.914 S/b 


Stations in percent 
of chord 


Root section 


Construct ion tip 
section 


Section I 


Section TT 


Section III 
























Upper 


Lower 


Upl>er 


Lower 


Tipper 


Lower 


Upper 


Lower 


Upper 


Lower 


0 




0 




0 




0 




0 




0 




3.34 


-1.54 


2.04 


-.91 


2. 34 


-1.08 


2. 24 


-1.03 


2. 12 


-.95 


2.5 


4.44 


-2.25 


2.83 


-1. 19 


3. 22 


-1.46 


3. 10 


— I, 37 


2. 94 


-1.29 


5 


5. 89 


-3.04 


3.93 


-1.41 


4. 44 


-3.86 


4.26 


-1.72 


4.07 


-1.55 


7.5 


6.91 


-3.61 


4.70 


-1.63 


5. 26 


-2. 13 


5.06 


-1.95 


4.86 


-1.76 




7.64 


-4.09 


5. 20 


-1.79 


5. 84 


-2. 37 


5.64 


-2. 18 


5.41 


-1.94 




8.52 


-4.84 


5.85 


-2. 17 


6. 52 


-2. 84 


6.29 


-2. 61 


6.04 


-2.36 


20 


8. 92 


-5.41 


6,06 


-2. 55 


6. 78 


-3. 27 


6.54 


-3.02 


6. 26 


-2. 75 


25 


9.08 


-5. 78 


6.11 


-2.80 


6. 86 


-3. 55 


6.60 


-3.30 


6, 32 


-3. 02 


30 


9, 05 


-5. 90 


6. 05 


-2. 96 


6. 80 


-3.71 


6.5-1 


-3. 45 


6. 26 


-3.16 


40 


8.59 


-5. 92 


5.69 


-3.03 


6.41 


-3. 75 


6. 16 


-3. 50 


5.89 


-3.23 


50 


7. 74 


-5.50 


5.09 


-2.86 


5. 75 


-3.53 


5. 53 


-3. 30 


5. ?6 


-3. 04 


GO .... 


6.61 


-4,81 


4.32 


-2.53 


4. 89 


-3. 10 


4,69 


-2.91 


4.47 


-2. 69 


70.. 


5. 25 


-3.91 


3.42 


-2.08 


3,88 


-2.54 


3. 73 


-2. 38 


3. 54 


-2.20 


80 


3.73 


-2.83 


2.41 


-1.51 


2. 74 


-1,85 


2. 63 


-1.74 


2.51 


-1.62 


90 


2. 04 


-1.59 


1.31 


-.86 


1.49 


-1.05 


1.43 


-.98 


1.36 


-.92 


95 


I. 12 


-.90 


.72 


-.50 


.82 


-.60 


.78 


-.56 


.74 


-.52 


100... 


.10 


16 


.10 


-.10 


.11 


- 11 


. 10 


-.10 


. 10 


-.10 




















2.48 


0. 


59 


1.21 


1.10 


0.98 

























Slope of radius through end of chord 



ORDTNATES OF N. A. C. A. 23018 09 TAPERED AIRFOIL IN PERCENT OF CHORD 



Spanwise position 


0 


3-000 Sjb 


2.660 Sib 


2.787 Sjb 


2.914 S/b 


Stations in percent 
of chord 


Hoot section 


Construction tip 
section 


Section I 


Section II 


Section III 
























Uppor 


Lower 


Upper 


Lower 


Upper 


Lower 


Upper 


Lower 


Upper 


Lower 


0 




0 




0 




0 




0 




0 


1.25.... 


1.09 


-1.83 


2.04 


-.91 


2. 51 


-1. 17 


2. 34 


-1.09 


2. 17 


-.99 


2.5.. _ 

5 _._ 


5. 29 

6, 92 


-2.71 
-3.80 


2.83 
3.93 


-1. 19 
-1.44 


3. 42 

4. 68 


-1.59 
-2. 07 


3.23 
4. 44 


-1.45 
-1.84 


2.99 
4. 15 


-1.29 
-1.62 


7.5... 


S.01 


-4. 60 


4.70 


-1.63 


5.53 . 


-2. 38 


5.26 


-2. 12 


4.94 


-1.82 


10 


8.83 


-5. 22 


5. 26 


-1.79 


6. 14 


-2. m 


5. 83 


-2.36 


5. 49 


-2.03 


15.,.. 


9. 86 


-6. 18 


5. 85 


-2.17 


6. S6 


-3. 18 


6.51 


-2.83 


6. 13 


-2.45 


20 


10. 30 


-6. 86 


6.06 


-2. 55 


7. 15 


-3. 63 


6. 78 


-3.26 


6. 36 


-2.84 


25 


10. 56 


-7. 27 


6. 11 


-2.80 


7.23 


-3.93 


6. 85 


-3.. 54 


6.43 


-3. 11 


30 


10. 55 


-7.47 


6. 05 


-2. 96 


7. 18 


-4.08 


6. 79 


-3.70 


6. 36 


-3.27 


40 


10.04 


-7. 37 


5. 09 


-3.03 


6. 78 


-4. 12 


6. 40 


-3.74 


5.99 


-3. 33 


50... 


9.05 


-6.81 


5.09 


-2.86 


6.08 


-3.85 


5. 74 


-3.52 


5. 36 


-3. 13 


60 — 


7. 75 


-5. 94 


4.32 


-2.53 


5. 18 


-3. 39 


4.88 


-3. 10 


4.56 


-2.77 


70 


6.13 


-4.S2 


3. 42 


-2.08 


4.11 


-2. 76 


3. 87 


-2.52 


3.61 


-2.27 


80.. 


4.40 


-3. 48 


2.41 


-1.51 


2.01 


-2. 01 


2. 74 


-1.81 


2. 55 


-1.66 


90 


2. 39 


-1.94 


1.31 


-.86 


1.58 


-1. 13 


1.50 


-1.04 


1.38 


-.94 


95 


1.32 


-1.09 


.72 


-.50 


.87 


-.65 


.82 


-.59 


.76 


-.54 


100 


.19 


-.19 


.10 


-.10 


.12 


-. 12 


. 11 


11 


.10 


-.10 






















L. E. radius 


3.56 


0.89 


1.39 


1.21 


1.02 








































0.305 

























THE EXPERIMENTAL AND CALCULATED CHARACTERISTICS OF 22 TAPERED WINGS 



TABLE II— Continued 
ORDINATES OF N. A. C. A. 3-10-18 TAPERED AIRFOIL IN PERCENT OF CHORD 



Spanwise position 


0 


5.000 S/b 


4.802 SJb 


4.920 Sib 




Root section 


Construction tip 
section 


Section T 


Section II 


Stations in percent 
















of chord 




































Tipper 


Lower 


Upper 


Lower 


Upper 


Lower 


Upper 


Lower 


0 




0 




0 




0 




0 


1 25 


4.09 


-1.83 


2. 04 


-.91 


2. 21 


-1.03 


2. 12 


-.95 




5. 29 


-2.71 


2. 83 


-1.19 


Z. 10 


-1.37 


2. 94 


-1.29 


5 


C. 92 


-3. 80 


3. 93 


-1.44 


4.26 


-1.72 


4.07 


-1.55 


7.5 


8.01 


— 4. GO 


4.70 


-1.63 


5. 06 


-1.95 


4.86 


-1.76 




8. 83 


-5. 22 


5. 20 


-1.79 


5.64 


-2. 18 


5.41 


-1.94 


15 


9. sr. 


— 0. 18 


5. 85 


-2. 17 


6.29 


-2.61 


6. 01 


-2. 30 


20 


i o, :jn 


-0. 8fi 


6. 00 


-2. 55 


6. 54 


-3. 02 


6. 26 


-2.75 


25 


10. 56 


-7.27 


6. 11 


-2.80 


0.00 


-3. 30 


6. 32 


-3.02 


30 


10. 55 


-7.47 


0. 05 


-2.96 


6. 54 


-3. 45 


6. 26 


-3. 16 


40 


10. 01 


-7.37 


5. 69 


-3.03 


6. 16 


-3.50 


5. 89 


-3.23 


50 


9.05 


-G.81 


5.09 


-2. 86 


5. 53 


-3. 30 


5. 26 


-3.04 


60 


7. 75 


-5.94 


4.32 


-2.53 


4.69 


-2.91 


4.47 


-2. 69 


70 


C. 18 


-4.82 


3.42 


-2.08 


3.73 


-2.38 


3.54 


-2.20 


80 


1.40 


-3.48 


2.41 


-1.51 


2.63 


-1. 74 


2.51 


-1.62 


90 


2. 39 


-1.94 


1.31 


-.86 


1.43 


-.08 


1.36 


-.92 


95 


1.32 


-1.09 


.72 


-.50 


.78 


-.56 


.74 


-.52 


100 


.19 


-.19 


.10 


-.10 


.10 


-.10 


.10 


-.10 


L. E. radius 


3. 56 


0. 89 


1.10 


0. 98 



Slope of radius t hrough end of chord. 



0. 305 



ORDINATES OF N. A. C. A. 5-10-10 TAPERED AIRFOIL IN PERCENT OF CHORD 



Spanwise position 



5.000 Sib 



4.840 Sfb 



4.938 Sib 



Stations in percent 
of chord 



0— . 
1.25 

2.5.. 
5.... 
7.5.. 
10,.. 
15__. 
20... 
25... 
30— 
40-,. 
50... 
60.. _ 
70-- 
80.. 
90... 
05... 
100 



L. E. radius 



Hoot section 



Construction tip 
section 



Section I 



Section II 



Upper 



3.59 
4.71 

6. 22 

7. 28 

8. 03 

8. 97 

9. 40 
9.57 
9. 55 
9. 07 
8. 18 
6. 99 
5 57 
3. 96 
2. 15 
1. 19 

. 17 



Lower 



Upper 



0 

-1.64 
-2. 39 
-3.31 
-3.94 
-4.47 
-5. 29 
-5. 90 
-6. 27 
-6.46 
-6. 40 
-5. 94 
-5. 18 
-4. 21 
-3. 04 
-1.70 
-.97 
-.17 



2.04 
2.83 
3.93 
4.70 
5. 26 
5.85 
6.06 
6.11 
6. 05 
5. 69 
5.09 
4.32 
3.42 
2.41 
1.31 
.72 
.10 



Lower 



Upper 



0 

-.91 

-1.19 
-1.44 
-1.63 
-1.79 
-2. 17 
-2. 55 
-2.80 
-2.96 
-3.03 
-2,86 
-2.53 
— 2. OS 
-1.51 
-.86 
-.50 
-. 10 



2.24 
3. 10 
4.26 

5. on 

5.61 
6.29 
6.54 

6. GO 
6.54 
6.16 
5.53 
4.G9 
3.73 
2.63 
1.43 
.78 
.10 



Lower 



Upper 



0 

-1.03 
-1.37 
-1. 72 
-1.95 
-2. 18 
-2. 61 
-3.02 
-3.30 
-3.45 
- 3. 50 
-3. 30 
-2.91 
-2. 38 
-1.71 
-.98 
-.56 
-. 10 



2. 12 

2. 94 
4.07 
4.86 
5.41 
6.04 
6. 26 
6. 32 
6. 26 
5. 89 
5. 26 
4.47 

3. 54 
2. 51 
1.3G 

.74 
. 10 



Lower 



0 

-.95 
-1.29 
-1.55 
-1.76 
-1.94 
-2.36 
-2. 75 
-3.02 
-3. 16 
-3.23 
-3. 04 
-2.69 
-2. 20 
-1.62 
-.92 
-.52 
-.10 



2.82 



0.S9 



0. 98 



Slope of radius through end of chord 0. 305 
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TABLE II— Continued 

ordinates of n. A. C. A. 5-10 is tapered airfoil in percent of chord 



Spanwisc position 


0 


5.000 S/b 


4. 880 S/b 


4 952 S/b 




Root sectiou 


Construction tip 

snni inn 


Section i 


Section IT 


Stations in pcrcont 


















of chord 




















Upper 


Lower 


Upper 


Lower 


Upper 


Lower 


Upper 


Lower 






0 




0 




0 




0 


1.25 


4. 09 


-1.83 


2. 04 


-.91 


2. 24 


-1.03 


2. 12 


-.95 


2 5 


5.29 


-2.71 


2. 83 


-M9 


3. 10 


-1.37 


2.94 


-1.29 


5 


0. 92 


-3.80 


3. 93 


-1.44 


4. 20 


-1.72 


4.07 


-1.55 




8,01 


-4.60 


4.70 


-1.63 


5.06 


-1.95 


4.86 


-1.76 


10.. 


8. 83 


-5.22 


5.26 


-1.79 


5. 64 


-2. 18 


5.41 


-1.94 


IS... 


9. 86 


-6. IS 


5. 85 


-2. 17 


0. 29 


-2.G1 


6.04 


-2. 36 


20 


10. 36 


-6. 86 


6. 06 


-2. 55 


6.54 


-3. 02 


6. 26 


- 2. 75 


25 


1C. 56 


-7. 27 


6. 11 


-2. 80* 


6. GO 


-3. 30 


6. 32 


-3.02 


30 


10. 55 


-7. 47 


6. 05 


-2. 96 


6. 54 


-3.45 


6. 26 


-3. 16 


40 


10.04 


-7. 37 


5. 09 


-3. 03 


6. 10 


- 3. 50 


5. 89 


-3. 23 


50 


9. 05 


-6. 81 


5. 09 


-2. 86 


5. 53 


-3.30 


5.26 


-3.04 


CO 


7. 75 


-5. 91 


4. 32 


-2. 53 


4.09 


-2.91 


4.47 


-2.69 


70 

80 


0. 18 


-4.82 


3.42 


-2. OS 


3. 73 


-2.38 


3.54 


-2.20 


1.40 


-3. 48 


2.41 


-L51 


2. 63 


-1.74 


2.51 


-1.62 


90 - 


2. :m 


-1.91 


1.31 


-.80 


1.43 


- -.98 


1.36 


-.02 


95 


1.32 


-I.OU 


.72 


-. 50 


.78 


-.56 


.74 


-.52 


100 


.19 


-.19 


.10 


-.10 


.10 


10 


. 10 


-.10 


L. E. radius 


3.5G 


0. 89 


1.10 


0. 98 



Slope of radius through end of chord - - 0. 305 



ORDINATES OF N. A. C. A. 5-12- 10 TAPERED AIRFOIL IN PERCENT OF CHORD 



Span wise position 


0 


6-000 SJb 


5.S44 S(b 


5.925 Sib 


Stations in percent 
of chord 


Koot section 


Construction tip 
rection 


Section I 


Section II 


Upper 


Lower 


Upper 


Lower 


Upper 


Lower 


Upper 


Lower 


0 




0 




0 




0 




0 




3. 59 


-1.64 


2. 04 


-.91 


2. 20 


-1.00 


2. 12 


-.95 




4. 71 


-2. 39 


2. S3 


-1. 19 


3. 05 


-1.34 


2. 94 


-1.29 


5 .... 


6.22 


-3.31 


3.93 


— 1.14 


4. 23 


-1.67 


4.07 


-1.55 




7.28 


-3. 94 


4. 70 


-1.63 


5.01 


-1. 89 


4.86 


-1.76 


10... 


8. 03 


-4.47 


5. 26 


-1.79 


5.59 


-2. 11 


5.41 


-1.94 


15... 


8. 97 


-5. 29 


5. 85 


-2. 17 


6. 21 


-2.53 


6.04 


-2. 36 


20 


9. 40 


-5. 90 


0.06 


-2. 55 


6.45 


-2. 94 


6. 26 


-2. 75 




9 57 


-6. 27 


6. 11 


-2. SO 


6. 52 


-3. 21 


6. 32 


-3.02 


30 


9. 55 


—0.-16 


6. 05 


-2.96 


6. 46 


-3.36 


6.26 


-3. 10 


40 


9.07 


-6. 40 


5. 69 


-3. 03 


6. OS 


-3. 42 


5. 89 


-3. 23 


50 _ 


8.18 


-5. 94 


5. 09 


-2. 86 


5. 45 


-3. 22 


5. 26 


-3.04 


60 


6.99 


-5. 18 


4.32 


-2. 53 


4.63 


-2.84 


4.47 


-2. 69 


70 


5. 57 


-4.21 


3.42 


— 2. OS 


3.67 


-2, 33 


3.54 


-2. 20 




3.96 


-3.04 


2.41 


-1.51 


2. 60 


-1.70 


2.51 


-1.62 


90 


2.15 


-1.70 


1.31 


-.86 


1.41 


-.96 


1.36 


-.92 


95. 


1.19 


-.97 


.72 


-.50 


.77 


-.55 


.74 


-.52 


100 


.17 


-. 17 


.10 


-.10 


.10 


-.10 


. 10 


-. 10 














L. E. radius. 


2.82 


a so 


1.06 


0. 9S 





















Slope of radius through end of chord 



0. 305 



THE EXPERIMENTAL AND CALCULATED CHARACTERISTICS OF 22 TAPERED WINGS 



TABLE II— Continued 

ORDINATES OF N. A. C. A. 5-12 20 TAPERED AT R FOIL IN PERCENT OF CHORD 



Spanwise position 


0 


COOO Sjb 


5.883 Sib 


5.963 Sfb 


Stations in percent 
of chord 


Root section 


Construction tip 
section 


Section T 


Section IT 


Upper 


Lower 


Upper 


Lower 


Upper 


Lower 


Upper 


Lower 






0 




0 




0 




0 


1.25. 


4.00 


-2.00 


2.0-1 


-.91 


2.24 


-1.03 


2. 12 


-.95 


2 5 


5.84 


-3.00 


2. 83 


-1. 19 


3. 10 


-1.37 


2. 94 


-1. 29 


5 


7.58 


-4.30 


3. 93 


-1.41 


4.26 


-1.72 


4.07 


-1.55 


7.5 


8. 70 


-5. 22 


4. 70 


-1.63 


5.06 


-1.95 


4.86 


— I. 76 


10 


9. 04 


-5. 97 


5, 26 


-1.79 


5.6t 


-2. 18 


5.41 


-1.94 


15.. . _ . _ . 


10. 75 


-7. 07 


5. 85 


-2.17 


6.29 


-2,61 


6.04 


-2.36 


20 


11.30 


-7.81 


6.06 


-2. 55 


6.54 


-3.02 


6.26 


-2. 75 


25 


11.50 


-8. 25 


6. 11 


-2.80 


6.60 


-3. 30 


6. 32 


-3. 02 


30 


11.55 


-8. 40 


6. 05 


-2. 96 


6.54 


-3. 45 


6. 20 


-3. 16 


40 


11.00 


-S. 33 


5.69 


-3.03 


6. 16 


-3.50 


5.89 


-3. 23 


50 


9. 90 


-7. 71 


5. 09 


-2.86 


5.53 


-3, 30 


5. 20 


-3.04 


CO 


8. 51 


-0.71 


4.32 


-2.53 


4.69 


-2.91 


4.47 


-2. 69 


70 


0.79 


-5. 42 


3.42 


-2.08 


3.73 


-2. 38 


3.54 


-2. 20 


SO 


4. S3 


-3. 92 


2.41 


-1.51 


2. 63 


-1.74 


2. 51 


-1.62 


90 


2. 64 


-2.18 


1.31 


-.80 


1.43 


-.98 


1.36 


-. 92 


95 


1.45 


—1. 23 


.72 


-.50 


.78 


-.56 


.74 


-.52 


100 


.21 


-.21 


.10 


-.10 


.10 


-. 10 


.10 


10 






1. 40 


0.S9 


1. 10 


0. 98 













Slope of radius through end of chord 



0.305 
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TABLE III 



ORIGINATES OF N. A. C. A 

DATA ON SECTIONS 
[Total geometric washout, 3.2°; total aerodynamic washout, 2° at construct ion lip] 



Section 


Root 


J 


2 


3 


4 


5 


6 


7 


S 


Position, 




















fraction 




















Feniispan.. 


0 


0.200 


0. 400 


0. GOO 


0. S02 


0. 853 


0.000 


0.910 


0. 973 


Geometric 




















washout, 




















degrees 


0 


.37 


.89 


1.47 


2.24 


2. 47 


2.70 


2.91 


3. 02 



OTCPTNATES 
[Percent of chord] 





Root section 




Section 1 


Upper surface 


Lower surface 


Upper surface 


Low or surface 


Station 


Ordinate 


Station 


Ordinate 


Station 


Ordinate 


Station 


Ordinate 


0 


0 


0 


0 


0 


0 


0 


0 


.72 


2. 34 


1.78 


-1.63 


.68 


2.31 


1.82 


-1.50 


1.87 


3. 43 


3. 13 


-2. 10 


1.81 


3.41 


3.19 


-1.90 


4. 38 


4.96 


5.62 


-2. 64 


4.32 


4. 98 


5.68 


-2.35 


7. 01 


6. 02 


7.99 


-3. 03 


6.96 


6. 07 


8. 04 


-2.68 


9. 69 


6.76 


10. 31 


-3. 36 


9. no 


6. 83 


10.34 


-2.97 


15.00 


7.63 


15.00 


-3. 95 


15.00 


7. 70 


15.00 


-3. 52 


20, 14 


7. 98 


19. 86 


-4. 45 


20. 15 


8. 02 


19. 85 


-4.01 


25. 14 


8. 09 


21. 86 


-4.78 


25 16 


8. 11 


24. 84 


-4. 35 


30. 14 


S. 05 


29. 86 


-4.95 


30. 16 


8. 05 


29.84 


-4.54 


40. 14 


7.01 


39. 86 


-4.96 


40.15 


7.59 


39. 85 


-4.58 


50. 13 


6.84 


49. 87 


-4. 63 


50. 14 


6.81 


49. 86 


-4.30 


00. 11 


5.83 


59.89 


-4.06 


60.12 


5. 79 


59. 88 


-3. 78 


70.09 


4.63 


69. 91 


-3.30 


70.10 


4. 60 


69.90 


-3.09 


80. 06 


3. 2* 


79.94 


-2. 40 


80. 07 


3.25 


79. 93 


-2.25 


90. 01 


1.79 


89.96 


-1.35 


90. 04 


1.77 


89. 96 


-1.27 


95. 02 


.98 


94.98 


-.76 


95. 02 


.97 


94.98 


-.72 


100.00 


.14 


100.00 


-.14 


100.00 


.13 


100.00 


-.13 


L. E. ra< 


ius 


1.859 on 0.305 slope 


L. E. ra 




1 .744 on 0.346 slope 







Section 2 


Sect ion 3 


Upper surface 


Lower surface 


Tapper surface 


Lower surface 


Station 


Ordinate 


Station 


Ordinate 


Station 


Ordinate 


Station 


Ordinate 


0 


0 


0 


0 


0 


0 


0 


0 


.63 


2. 27 


1.87 


-1. 35 


.58 


2. 22 


1.92 


-1. 17 


1.75 


3. 39 


3. 25 


-1. 67 


1.69 


3. 37 


3. 31 


-1.41) 


4. 26 


5.01 


5. 74 


-2.01 


4. 19 


5.04 


5. 81 


-1.61 


6. 92 


6. 13 


8. OS 


-2. 27 


6. SG 


6. 21 


8. 14 


-1. 78 


9.62 


6. 91 


10. 38 


-2. 51 


9. 59 


7.02 


10.41 


-1.97 


15.00 


7. 77 


15.00 


-3.01 


15.00 


7. 88 


15.00 


-2. 42 


20. 16 


8.07 


19. 84 


-3. 50 


20. IS 


8. 15 


19. 82 


-2. 90 


25. 17 


S. 14 


24. 83 


-3. 85 


25. 19 


8. IS 


21 81 


-3. 26 


30. 17 


8. 06 


29.83 


-4. 06 


30. 19 


8.07 


29. 81 


-3. 48 


40. 17 


7.57 


39.83 


-4. 14 


10. 18 


7. 55 


39. 82 


-3. 62 


50. 15 


6.77 


49. 85 


-3. 91 


50. 17 


6.74 


49. 83 


-3. 46 


60. 13 


5. 75 


59. 87 


-3. 46 


60. I t 


5.71 


59. SO 


-3. 08 


70. 11 


4. 55 


69.89 


-2. 84 


70. 12 


4. 51 


69. 88 


-2.54 


80.08 


3. 22 


79.92 


-2. 07 


80.08 


3. 18 


79. 92 


-1. 87 


90.04 


1.75 


89.96 


-1. 17 


90. 05 


1.72 


89. 95 


-1.07 


95. 02 


.96 


94. 98 


-.67 


95. 02 


.94 


94. 98 


-.61 


100.00 


. 13 


100. 00 


-. 13 


100.00 


. 12 


100.00 


-. 12 


L. E, radius 


1.613on 0.395 slope 


L. E. radius 


1.470 on 0.453 slope. 



CENTER-STALLING WING 

OKIHNATES Continued 



Sect ion 4 




Section 5 




surface 


Upper surface 


Lower surface 


Upper surface 


Lower 


Station 


Ordinate 


Station 


Ordinate 


Station 


Ordinate 


Station 


Ordinate 


0 


0 


0 


0 


0 


0 


0 


0 


.54 


2. 17 


1.96 


-.95 


.53 


2. 15 


1.97 


-.88 


1.63 


3. 34 


3. 37 


-1.06 


1.62 


3. 33 


3.38 


-.90 


4. 13 


5. 08 


5. 87 


-1. H 


4. 12 


5. 09 


5. 88 


-.97 


G.8L 


6.30 


8. 19 


-t. 17 


6. 80 


G. 32 


8. 20 


-1.00 


9. 55 


7. 13 


10. 45 


-1.29 


9. 5 4 


7. 16 


10. 46 


-1. 10 


15.00 


7. 99 


15. 00 


-1.67 


15.00 


8. 02 


15.00 


-1.46 


20.20 


8. 22 


19. 80 


-2. 15 


20. 20 


8. 24 


19. 80 


-1.94 


25. 20 


8. 21 


24. 80 


-2.52 


25. 21 


8. 22 


24. 79 


-2.31 


30.21 


8.08 


29. 79 


-2.77 


30. 21 


8. 08 


29. 79 


-2. 57 


40, 20 


7, 52 


39. 80 


-2.97 


40. 20 


7, 51 


39. 80 


-2. 78 


.50, 18 


6. 68 


49.82 


-2.89 


50. 18 


6. 66 


49. 82 


-2. 72 


60. 1G 


5. 04 


59. 84 


-2.60 


60. 16 


5. 62 


59. 84 


-2. 47 


70. 13 


4. 45 


69. 87 


-2. 17 


70. 13 


4. 43 


69. 87 


-2.07 


80.09 


3. 13 


79.91 


- 1. 61 


80.09 


3-11 


79. 91 


-1.54 


90.05 


1.69 


89. 95 


-.93 


90. 05 


1.68 


89. 95 


-.89 


95, 03 


.92 


94. 97 


-. 54 


95. 03 


.91 


94. 97 


-.52 


100.00 


. 11 


100.00 


-. 11 


100.00 


. 11 


100.00 


-. 11 


L. E. radius 


1 .295 Oil 0.524 slope 


L. E. radius 


1.248 on 0.544 slope 



Upper surface 


Lower surface 


Cpper surface 


Lower surface 


Station 


Ordi- 
nate 


Station 


Ordi- 
nate 


Station 


Ordi- 
nate 


Station 


Ordi- 
nate 


0 


0 


0 


0 


0 


0 


0 


0 


.52 


2. 14 


1.98 


-.82 


.52 


2. 12 


1.98 


-.77 


1.61 


3.32 


3. 39 


-.87 


1.60 


3. 32 


3. 40 


-.78 


4. 10 


5. 10 


5. 90 


-.83 


4.09 


5.11 


5. 91 


-.70 


6. 79 


6. 34 


8.21 


-.83 


6.78 


6. 37 


8.22 


-.68 


9. 54 


7. 20 


10. 46 


-.91 


9.53 


7.23 


10. 47 


-.74 


15. 00 


8.06 


15,00 


-1.26 


15.00 


8.09 


15.00 


-1.07 


20.20 


8.26 


19. 80 


-1.73 


20. 21 


8.28 


19. 79 


-1.54 


25. 21 


8.23 


24.79 


-2.11 


25. 21 


8. 24 


24.79 


-1.92 


30. 21 


S.08 


29.79 


-2.37 


30. 22 


8. 08 


29.78 


-2. 19 


40. 21 


7, 50 


39.79 


-2.60 


40. 21 


7.50 


39.79 


-2. 44 


50- 19 


6. 65 


49.81 


-2.56 


50. 19 


6. 64 


49.81 


-2. 42 


60. 16 


5. 60 


59.84 


-2.34 


60. 16 


5.59 


59.84 


-2.22 


70. 13 


4,41 


69. 87 


-1.90 


70. 13 


4,40 


69. 87 


-1.87 


80.09 


3. 10 


79.91 


-1.46 


80. 10 


3. 09 


79,90 


-1.40 


90. 05 


1.67 


89. 95 


-.85 


90. 05 


1.66 


89. 95 


-.82 


95.03 


.90 


94. 97 


-.50 


95. 03 


.90 


94.97 


-.48 


100.00 


,11 


100.00 


-.11 


100.00 


.11 


100.00 


-. 11 



L. E. radius 1.201 on 0.564 slope 



L. E. radius.. 1,162 on 0.582 sloi>e 



Set- lion 8 



Upper surface 


Lower surface 


Station 


Ordinate 


Station 


Ordinate 


0 


0 


0 


0 


.51 


2. 12 


1.09 


-.73 


1.59 


3. 32 


3.41 


-.72 


4.08 


5. 13 


5. 92 


-.60 


6.77 


6. 40 


8.23 


-.56 


9.52 


7.26 


10. 48 


-.61 


15.00 


8. 13 


15. 00 


-.93 


20.21 


8.31 


19. 79 


-1. 40 


25. 22 


8.27 


24. 78 


-1.78 


30. 22 


8.10 


29.78 


-2. 05 


40.21 


7.50 


39.79 


-2. 32 


50. 19 


6.64 


49.81 


-2. 32 


60. 17 


5.59 


59. 83 


-2. 13 


70. 13 


4.40 


69. 87 


-1.80 


80. 10 


3.08 


79.90 


-1.35 


90.05 


1.06 


89. 95 


-.79 


95.03 


.90 


94. 97 


-.47 


100.00 


.11 


100.00 


-. U 



L. E. radius. 



1.135 on 0.597 slope 



THE EXPERIMENTAL AND CALCULATED CHARACTERISTICS OF 22 TAPERED WINGS 

TABLE IV 
CALCULATION OF C Dq 

^N. A. C. A. 5-10-18 wing. R, phased on ^ -6,630,000 j 



23 



2 



.2.. 
.4.. 
.(!.. 
.8.. 

.a.. 

.95. 



2 U 



0. 180 
. 170 
. 170 
. 100 
. 140 
. 122 
. 109 



0. 48 
5. 41 
4. 40 
3. 37 
2. 33 
1.82 

1. 50 



il.10 
9. 30 
7.53 
5. 70 
3. 98 
3.11 
2. 00 



0 
0 
0 

-.05 
-. 12 

17 
-.22 



1.59 
1.01 
1.05 
1.04 
1.03 
1.58 
1. 52 



0. 0091 
.0089 
.0087 
.0084 
.0077 
.0071 
.0008 



0. 0088 
.0088 
.0088 
.0087 
.0083 
.0079 
.0077 



10 



0. 08 
.08 
.08 
.09 
. 10 
. 10 
. 11 



85 



0... 
.2 
.4. 
.0. 



1.473 
1.347 
1. 107 
.929 
.053 
.472 
.34G 



0. 881 
.959 

1, 020 
1.009 
1.080 
1.007 



0. 705 
.707 
.821 
. 855 
.809 
.800 



0. 025 
.087 
.741 
.705 
.769 
.706 
.580 



0.414 
, 449 
.472 
.494 
. 503 
.477 
.411 



0. 0032 
.0037 
.0041 
.0040 
.0047 
.0042 
.0031 



3 
+ 



0. 0120 
. 0125 
.0129 
.0133 
. 0130 
.0121 
.0108 



0. 0777 
.0080 
.0568 
. 0148 
.0303 
.0220 
. 0108 
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